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FY 92-97 BEAN/COWPEA CRSP 
FIVE-YEAR PROJECT EXTENSION PROPOSAL 
PART I . B. Summary of Past Goals and Accomplishments during FY 
81-92 in US and HC 
l. Project Ra tionale: 
This project, which started as a collaboration between Michigan 
State Universi t y (MSU) and Bunda College (BC) in Malawi and 
continues as a collaboration between the University of California 
• l , 
at Davis (UCD) as lead institution, MSU , a nd BC, has ｡ｳ Ｑ ｾ ･ｮｴｲ｡ｬ＠
theme the study of genetic diversi ty in common bean. An 
understanding of the distribution patterns of geneti c diversity 
is an importan;: e lernent in the pro duc t ion of improved cultivars, 
because it a llows breeders to ident i fy sources of genetic 
diversity and t o d etermine how the genetic relatedness between 
p a rents ｡ｦｦ･｣ｴ ｾ＠ the breeding success of t heir progeny. 
Prior to t he early 1980s , our understanding of the patterns 
in beans was very limited and had been based exclusively o n the 
study of rnorph(•logical variation. With the introduc tion of 
electrophoreti ( techniques in the 80s, substantial advances were 
made by research tearns at the University of Wi sconsin (e.g ., 
Gepts et al. 198 6), Michigan State Uni versity (Bean /Co wpea CRSP 
project with Mt l awi: e.g., Sprecher 1989), and the University of 
California, Da\ is ( e .g., Koenig and Gepts 1989), in our 
understanding cf the genetic diversity of cornmon bean, 
specifically w1th regard to the influence of domestication on 
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genetic diversity and speciation o n in t raspecif i c gene flow. On 
one hand, these studies have elicited a dditional questions that 
can have important ｰｲ｡ ｣ｴＱｾｾＱ＠ ｮｾｾＱ［ｾｾｴｩＰｾｾ＠ (e. g . , co-evolution) 
and on the other hand, the point has been reached where this 
knowledge c an be applied to breeding programs . 
Beans in Malawi cons titute an excellent model for the study 
of genetic diversity and its uti l ization i n breeding programs : 1) 
Ma lawian bean fields exhibit high levels of morphological and 
phenological dive rsity al lowing us to examine how these different 
phenotypes can complement each o t h e r within the same field in 
order to provide cult i v a rs with more stable production; 2) within 
t he same field, i t i s possible to find both ｾ･ｳｯｾｭ･ｾｩｇｾﾪｮ､＠
Andean ､ｯｭ･ｳｴｩ ｣ｾｴ ･ｳ Ｌ＠ allowing us t o e xamin e the r elationships 
between the two groups and to identify pot e ntial (rare) 
recombinants ; 3 ) the pres ence of Mesoamerican and Andean host 
genotypes i n ｴｨ ｾ＠ same g rowing regi on allows us to test of co-
evolut ion, i. e . that bean pathogens exhibit a similar arrangement 
of gene tic d i vet si t y ｩｲＮｾ ＺＺＺＺ＠ ｾｾ ･｟＠ , .. : ｾ ｬ Ｚ＠ __ . _u _: .\ndean pathotypes. 
Recombination of Mesoa merican and Andean r esistance genes i nto 
the same genot yf:e may lead to a more stable ("sustainable") 
resistance; and 4 ) the need t o ma i ntain the current genetic 
hete rogenei ty o f Ma lawi an bean c u ltivars creates a challenge to 
develop breeding me t hods that will ma intain this heterogeneity 
i nstead of l eadi ng to pure lines as i s the c ase with traditional 
me thod s . 
Because of the impo rtance o f bean common mosaic potyvirus in 
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Malawi and t h e emerging problem of ｮ･｣ｲｯｳｩｳ Ｍ ｩｮ､ｵ｣ｾｮｧ＠ strains of 
BCMV in the US , a maja r ef f ort on molecular charac terization of a 
necrosis-inducing strain, either NL-J or NL-5, containing all the 
recogniz ed virulence gene s for the virus, and of the type strain, 
which contains the minimal pathogenicity functions for the virus, 
will be conducted. It is ant icipated that the results generated 
from this effort will provide ba sic information o n the virulence 
factors of this virus and on the level of genetic diversity 
between these slrains; they will also provide valuab le DNA probes 
that will be used as tools to study the epidemiology of BCMV in 
Malawi and other regions . 
Concurrent J.y with the more basic research en ce-evolution, 
reproductive isolation, and BCMV re sistance a nd ｾｩｲｵｬ･ｮ｣･＠ in 
cemmon bean, thjs project ｾｩｬｬ＠ e stablish in Malawi a fully 
operational bean breeding program capable of releasing improved 
bean culti va rs to help that country reach self-suffic iency in 
bean supply. 
2. Previous Year's Obiectives: 
2.a. Research: Biological ｾｯｭｰｯｮ･ｮｴＺ＠
1} Discover genetic, agronomic, and s ocio-cultural forces that 
account for the persi s tent pattern of bean landrace diversity in 
Malawi. 
2) Distill from the findings and experiences in Malawi a set of 
principles concerning the acceptance criteria that must be met in 
attempts te i ntroduce i mproved cultivars or populations. 
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3) Agronomic eval uat i on of bean component lines : y i eld, growth 
habit, phenology, r e s i stance to b i otic and abiotic stresses. 
4) Evaluat i on of germplasm f or res1s t ance to anthracnose and 
angular leafspot; e xamination of the co-evolution hypothesis 
between host and pathogen. 
Social Component : 
1) Examination o f bean cultivation and use practices by small-
scale farrners in t he different r egions of Malawi, focusing 
especially on t h e inte gral role of fa r ro women in bean evaluation, 
production, use and accept ance . 
2) Identificatio n of preferred seed types and r easons for their 
preference in t he three r e gions of Malawi . 
3) Study of farmer perception ｾ ｮ､＠ ｭ ｡ ｮ ｡ｾ･ ｭ･ ｮ ｴ＠ of bean diseases. 
4) Together with biologica l scient i sts, initial developrnent of a 
plant irnprovernen t strategy that rnaintains d iversity and meets 
farrners' needs . 
2.b. Train ing: 
Provi de e d ucati unal and train i ng opportunitie s f or Malawian and 
US scientists a nd students. 
2.c. Anticipate d Irnpact: 
Through an unders tand1ng of the processes i nvolved in generating 
and rnaintaining genet i c divers i ty in beans , improved genetic 
conservation ané; breeding practices c an be devel ope d . Tr a i ning of 
HC scientists wi ll l e ad t o the formation of a rnul t i disciplinary, 
integrated commcd ity t earn for Malawi . 
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3. Major Accompl ishments : 
3. a . Resear ch: Bio l ogical Component 
1) The genetic s tructure o f Malawi an landraces was elucidated 
using multivariate a nalyses on morpho-aqronomi c t raits. 
2) The agronomi c performance of mixtures was studied i n 
comparison with that of pure l ines . 
3) Allozyme, seed protein, and mtDNA va riability of Malawian 
germplasm was determined . 
4) The relative i mportance of drought and high temperatura as 
abioti c stresses was investigated . 
S ) The racial variability of Colletotrichum lindemutbianum, the 
pathogen ｣｡ｵｳ ｾ ｮ ｧ＠ ant hracnose, was studied . 
6) Indigenous and introduced ge rmplasm was screened for its 
agronomic valt•e : yield, d i sease and pest resistance, nodulation 
ability, and ｾｲ ｯｵ ｧｨｴＮ＠
7) The behavicr a nd per formance o f bean lines intercropped with 
maize was stucied . 
8) Through rnuJ tiple-si t e t esting, a local Mal awian line was 
ident ified as s uperior. 
9) Single spo1e isol ations o f angul ar l eafspo t and seed harvest 
of the corresponding hos t pla nt was comple ted i n the Southern 
region. 
Socia l Cornpone nt 
1} A two-year longitudinal study o f woman's r o les in bean 
production and use i n Northern Malawi was carried out. This 
information ｰ ｲｾ ｶｩ､･ｳ＠ ba s e line data allowing us to monitor impacts 
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in the future. 
2) Smaller surveys of bean production and use were carried out in 
ｾＭｾＭＭＭＭ ·- ---·-- -- .. --· - - . -·- --
the ｃ･ｮｴｲ｡ｬＭ｡ｑ､ Ｎ ｓｯｾｴｨ･ｲｮ＠ regions of Malawi. This information can 
------
also be used a s baseline data. 
3) The central role farmers play in maintaining genetic diversity 
in beans and the importance of diversity in their cropping and 
household food provisioning strategies were described for the 
three regions of Malawi. These studies indicate that social as 
well as biological processes account for the kind and amount of 
genetic diversity present in Malawian beans. 
4) ｉｮｦｯｲｭ｡ｾｩｯｮ＠ ｷ｡ｳ｟ｧ｡ｴｨ･ｲ･ＮＮＮ､｟ ｟ ｦｲｯｬ｟Ａｬ ｟ ｦ｡ Ｎ ｾｲｳ＠ in tbe three regions of 
------ - -
Malawi which permits targeting of seed types for improvement 
purposes. This information indicates that seed size and color 
pattern serve as markers for traits such as early ruaturity, 
yield, fast cooking time, and palatability which farmers prize. 
These traits are as important to maintain as the seed colors and 
sizes that are used to mark them. 
5) A bean breeding strategy, called "component breeding," was 
developed as a means of ｭ｡ｩｮｴ ｡ｩ ｮｾ Ｎ ＬＮＭＨｾ＠ ｾｾﾷﾷｾｾｳｩｴｹ＠ and meeting 
smallholder needs. 
3.b. ｔｲ｡ｩｾｩｮｧＺ＠
Host country: 2 PhDs (A . B.C. Mkandawire: Crop & Soil Science, 
MSU; M. Mafuleka: Food Technology, MSU}, 2 MS (H. Mlozabanda and 
J. Bokosi: Crop & Soil Science, MSU) 
US: 2 PhDs (S. Sprecher and M. Khairallah: Crop & Soil Science, 
MSU), 1 MS (G. Marti n: Crop & Soil Science, MSU) 
l: .::, 
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3. e. ｾＭﾪ ＩＮ＠ Impact: 
1) The ground work i s laid f or: a ｳｴｲｯｮｾ＠ bean commodity research 
team at Bunda ｃｯｬｊＮﾡｾｧ･Ｌ＠ Hl: i ch hae the monda te f or bean research in 
Malawi. Prior to the CRSP proiect . ｢ｾ｡ ｮ＠ r esearch was carried out 
largely by expatril.t es. The CRSP surpor.ted the training of 
Malawian researchers obtaining Ph.D. and M.S. degrees in the US 
who have recent l y :::-eturned to Bund<.A Ｎｾｯｬｬ･ｧ･＠ and have ini tiated an 
expanded bean )mprovement program. As this effort has been under 
way for only bro years, there are no impacta on farmers as yet. 
2) The Project gave Mzuzu Agricultura! Development Division about 
2 tonnes of ser•d of a released variety (Nasaka). Last year, 
ADMARC purchastd about 10 tonnes of this seed from smallholder 
farmers multip1ying it . 'l'his year, ADMARC has purchased 26 tonnes 
of Nasaka from t he se seed multipliers. 
PART l. c. Fi" e-year _ { F'Y 92-97 ) Proiect Extens i on Goals 
1. Research: 1. 1 . HC: BIOLOGICAL SCIENCES: Tbe ｯｶ･ｾ｡ｬｬ＠ goal 
will be to ･ｳｴ ｾＩｬｩｳｨ＠ an expanded breedin? prograa t hat will 
produce ｩｬｬ｜ｰｲｯｶ ｾ＠ 1 bea.n ｣ｵ ｬｴｩｶＱＧ ｲＢＧｾ＠ ..,..a.:..-,.. .. ｾ＠ +"" ｾ ｨｾ＠ ｾｲｯ ｰｰｩｮｧ＠ systems 
used by Malawi • ﾷｾ＠ smallholder farmers. 
Al though V-'iluable resul t s ha ve bee n obtaíned f rom the 
evaluatíon of l<1cal ge rmplasm, sustained progress in genetic 
improvement wil.l require a permanent ( i . e. year in, year out) 
breeding progran with supporting activ ities such a s parental 
selection, hybr ·Ldi zat ion, and evalua tion and testing for the 
major constrain ;· s acr oss the various bean producing regions and 
Ｑ ｾＶ＠
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cropping systems of the country. This will be achieved in 
collaboration wi th U.S. scientists and will be combined with 
training of host country scient ists. 
Objective 1: Collection, ｭ｡ｩｮｴ･ｮ｡ｮｾｐ Ｌ＠ ñnd eval uation of Malawian 
bean germplasm 
A national bean genetic resources program will be established 
that will maintain and evaluate exis ting bean germplasm in the 
country. Germpl asm evaluation will be done in conjunction with 
the progeny evaluation of the breeding program. Establishment of 
this program ｷ ｾ ｬｬ＠ include training a nd installation of short-term 
storage facili t ies. 
Obiective 2: Il ,prove current varieties through incorporation of 
multiple disear.e and pes t resistance 
The six released varieties and breeding lines ｾｩｬ ｬ＠ be improved 
for their resis tance to the major diseases and pests through 
crosses with ｡Ｑｾｲｯｰｲｩ｡ｴ･＠ sources of resistance. Diseases include 
principally ｡ｮ ｾ ｵｬ｡ｲ＠ ｬ･｡ｾｳｰｯｴＬ＠ anthracnose, ｡ｾ､＠ bean common mosaic 
virus (BCMV) a r•d pests include bean fly (Ophi omyia spp.) and 
bruchids (Zabrctes spp . ). 
Objective 3: Cc nduct on-farm research to determine superiority of 
above material s 
The new materials obtained from research above will need t o be 
tested on farmer's fie lds against earlier varieties to show 
superiority of these materials against diseases, pests, moisture 
stress , and poor ｾｯ［ｬ ｳＮ＠
ｍ｡ｬ｡ｷｩＯｕｮ ｩ ｶ ･ｲ ｳ ｩｴｾ＠ cf Ca l ifornia; Davis/Gepts 
SOCIAL SCIENCES: The overall goal is to asaist in 
developing the ｢ｾ｡ｮ＠ breeding program, on the applied side, and to 
investigate ｦｾｲＮ｡･ ｲ＠ management of ｢･｡ ｾ＠ di seases and the 
relationship o f land.holding sb:e, l a:-td tenurs, and aqricultural 
production system with human nutritional ｳｴ｡ｾｵｳＬ＠ on the baaic 
side. 
Obiective 1: .Assist in tlle e xpans;0r r, f the national bean 
breedíng progr:tm 
Social scientists will contribute to ｴｾｾ＠ development of this 
proqram - in collaboration with the Agricultural Extension 
Service- by oeveloping 1) partic ipatory research techniques in 
on-station ｲ･ｳｾ｡ｲ｣ｨ［＠ 2) an on-farm tEsting system at various 
stages of the bean impr ovement process; and 2) a system of seed 
rnultiplication and release of improved bean materials 
(populations, ｾｯｭｰｯｮ･ ｮｴ＠ lines , etc.). 
Objective 2: .c. ::udy p.L·act lces adopted by farmers to manage bean 
dí se ases 
In conjunctior with the biological work on host/pathogen co-
evolution, the study of farmer ｰ･ｲ｣ｾｰｴｩｯｮ＠ and rnanagement of bean 
diseases will ｾ ･＠ continued. 
Qbjective 3: I 1vestigate the ｩｮｴ･ｲｲ ｾ ｬ ｡ ｴｩｯｮｳｨ￭ｰ＠ of landholding 
size, land ten1re arrangements , s oil <legradation, and maize¡bean 
cropping practices as it affects human nutrítional status in 
different regions of Malawí 
1 : . '} 
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1 . 2 . US : 8IOLOGICAL SCIENCES: The overall goal will be 
to bolster the establishment of the Mal awian bean breeding 
program, on the applied side, ｡ｮｾ＠ to investigate the concepts of 
co-evolution and reproducti ve isolati on., on the basic aide .. 
Objective 1: Provide technical support for the expansion of the 
Halawian bean breeding program 
The US component will provide ｡ｳｳｩ ｳｾ｡ｮｾ ･＠ in the following areas: 
1) Germplasm mc.nagement; 2) Disease and pest resistance 
evaluations; 3 } Early and late generation selections and testing; 
4) Multilocation trials; and S) On-farm trials . 
Objective 2a: Rxamine host-ALS pathogan co-evolution patterns to 
establish dural ｾ ｬ･＠ di seas e resistance 
This objective will build on work currently under way. 
Experiments wi l l culminate in an evaluation of the co-evolution 
hypothesis through an assessment of the diversity of host and 
pathogen for molecula.r markers and for resistance/virulence 
genes. Host rer.istances and pathogen strai ns identified in ｴｨｾｳ＠
study will be t.sed in the breeding program to incorporate ALS 
res istance in ｾｵｰ･ｲｩ ｯ ｲ＠ ｣ ｵｬｴｩｶｾｲｾ Ｍ · 
Obiecti ve 2b! 1 ·etectí on and mol ecula.-:- characteri zati.on of common 
mosaic ｰｯｴｹｶｩｾ ｾ ｳ ･ｳ＠
The prevalence of BCMV (particular ly i ts necrosis-inducing 
strains) in Malawi bean seed lots will be determined. Molecular 
probes to distjnguish the various necrosis-inducing strains will 
be identified. Results of these studies wi ll be used to determine 
a strategy to Áncorporate BCMV r esistance into irnproved Malawian 
l ｾＧﾡ Ｑ Ｑ＠
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bean cultivars. 
Obiective 3: Identify and overcome the reproductive isolation 
mechanisms separating Mesoamerican and Andean genotypes 
This objective aims at une r -r ' ｾｾ ･ｾ Ｍ｝＠ •. ' ·? spcciation mechanisms 
operating within Phaseolus vulgaris {i.e. the barriers to gene 
flow between Mesoamerican and Andean genotypes) and identifying 
strategies to overcome them in arder to further broaden the 
genetic basis of bean cultivars . 
SOCIAL SCIENCES: Research by the US social 
scientist will be carried out in Malawi in collaboration with 
social scientis ts at Bunda College (see Objective 1-3 under HC). 
Sorne data anal:rsis and wri te-up will be done at the US 
institution. 
2 . Training : 2.1. He: Education of PhD-level ｾｬ｡ｮｴ＠ breeder, 
entomologist, and social scientist 
During FY 81-92, the Malawi project has provided advanced 
education to several individuals who are now members of the Bean 
Team at Bunda College. In arder to establish a team with a bread 
range of expert.ise, team ｭ･ｭｯｾＮｲ Ｚ ｳ＠ ｾｎｴＺＺｵ Ｚ ｾ＠ ｾｵｵｾ｡＠ t.ed in distinct yet 
complementary ｴＺ ｾ ｲ･｡ｳ＠ such as crop physiology, plant pathology, and 
food science. One areas that needs to be strengthened further is 
plant breeding. Currently, Mr. J. Bokosi is undergoing PhO 
training in plant breeding; however, given the diversity of bean 
types to be improved and the numerous constraints to bean 
production, a fecond PhD level breeder needs to be trained . 
Insect ｰ･ ｾ ｴｳ＠ repre sent serious yield limitations in both 
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California and Malawi . This project will seek to educate an 
entomologist who will study bean fly (Ophiomyia spp.) and develop 
screening techniques in support of t he breeding program. Sean fly 
is an important pest in Africa and after his/her graduation this 
person will provide significant expertise as an entomologist in 
general and a bean fly specialist in particular to Bunda College, 
other CRSP projects in Africa, and national programs. 
To date, no social scientist has been trained at the PhD 
level by CRSP a lthough social science is an integral part of the 
project and of the Malawian National Bean Improvement Program. As 
Bunda College has currently only one sociologist on its staff, 
there is an urgent need to identify a Malawian for training in an 
applied sociol0gy or anthropology program. 
2.2. us: Education of PhD level plant pathologist . 
One of the majar cons t raints to bean product ion in Malawi 
(and numerous other bean growing regions) appear to be diseases 
such as angular leafspot and anthracnose. This project will 
educate a plant pathologist in t he various aspects related to 
characterization and control of these diseases, in particular, 
and bean ､ｩｳ･｡ｳｾｳＬ＠ in general. 
3. Anticipated Impac t on HC Popula t ions, especially Small-sgale 
Farmers and Wome n 
By its very nature, t h is propos al a i rns at improving the living 
conditions of s nall-s ca le f armers and espec i ally women who are 
often responsibJe for a l a r ge part of the farming decisions and 
. ( l 
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operations. This proposal will seek to establish the appropri ate 
breeding methodology to improve the yield capa city and stability 
of the existing varietal mi x t ures currently grown by small-scale 
farmers. 
PART I. D. Anticipated Contribut i ons. 
1. Bean/Cowpea CRSP Global Plan 
This pro ject will contribute to the Global Plan in the 
following areas: 
a) Plant ｲｾｳｰｯｮｳ･＠ limitations: General patterns of genetic 
diversity in the primary gene pool of common bean are now fairly 
well-known. Thi s project will build on this knowledge to provide 
solutions to the gene transfer p r oblema identified within the 
primary gene pool . This will, in turn, facilitate the broadeninq 
of the genetic basis of bean cultivars and reduce their genetic 
vulnerability. The development of bean improvement strategies 
that maintain or enhance genetic diversi t y will be relevant to 
farmers in many areas of the world where b e ans are planted in 
mixed variety s t ands. 
b) Limitat i ons due to ､ｩｳ･｡ｳ ｾＺ＠ Work on t he co-evolution 
hypothesis will determine whether different ge ne pools contain 
different genes for resistance and if t hey do, whether a 
combination of these genes provides a more s table (sustainable} 
resistance against pathogens. Work on BCMV will lead to molecular 
probes in rapid squash and dot blot tests to detect the virus and 
facilitate BCt1V resistance breeding. 
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e) Multidisc iplinary research methodology: Inclusion of 
social scientists and farrners at various stages of the bean 
breeding program can serve as a model to be used elsewhere in the 
region. 
d) Seed disseminatioq: The development of a system to make 
an array of bean seed available to farmers in the three regions 
of Malawi may serve as a useful model in other areas of the world 
where seed multiplication and dissemination are constraints to 
bean improvement. 
e) Education. traininq. and research capabilitv: A PhD (in 
Plant Breeding) will be trained and a breeding program capable of · 
developing improved cultivars will be put in place. A PhD in 
applied sociology or anthropology will be trained to take part in 
the plant bree·iing and improvement program. 
2. US ｂｾ｡ｮ＠ ｒｾ ｳ ･｡ｲ｣ｨＺ＠
The individual commercial types of the US bean crop (e.g., 
pintos, navies , etc. ) are fairly narrowly based genetically. This 
project will help determine ｾｯｷ＠ the existing genetic base can be 
broadened and how the ｲ･ｳｩｳｴ｡ｮｾ･＠ cf ｾｵｬ ｴｩ ｶ｡ｲｳ＠ can be made more 
durable, thus l imiting the turnover of defeated resistance genes, 
the need to int roduce additional resi stance genes, and the 
application of pesticides. Work on BCMV will allow a continuation 
of research in this area and expansion into the biotechnology 
field. Few bean researche rs are currently involved in insect 
pest-related ｾ Ａ ｳ･｡ｲ｣ｨ＠ in the US. This project will train an 
individual in ihis r esearch. 
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ｾ＠ 92-97 BEAN/COWPEA CRSP 
FIVE-YEAR PROJECT EXTBNSION PROPOSAL 
PART II . WORKPLAN 
A. RESEARCH OBJECTIVES: 
1. ｓｾ｣ｩＮｦｩ｣＠ objectives and methods: 
1.1. FY 92: 1.1 .1. HC: BIOLOGICAL SCIENCES: 
Qbiective 1: Person in charge: Alex Mkandawire 
Development ot improved bean cultivars 
1. Collection, maintenance, and evaluation of Malawi bean 
germplasm. Collection of accessions not currently included in the 
collection will be pursued. Procedures to regenerate, store, 
assess germination, and document accessions will be established. 
Funds for training of a technician at UCD or at CIAT will be 
sought. 
2. Continue crossing program started during FY90-91 between 
preferred Malawian lines and sources of disease and pest 
resistance. 
3. Establish artificially inoculated or infested disease and 
pest nurseries for resistance screening. Nurseries for screening 
for resistance against the major diseases (ALS, ANTH) and pest 
(bean fly) wi11 be established by artificial inoculation or 
infestation. 11aterials to be evaluated will include Malawian bean 
gerrnplasm, other potential disease and pest resistance donors, 
and if applicable early generations from crosses made during 
FY90-91. 
4. Estab_!. ish selection nurser ies for early generation 
resulting frort crosses rnade during FY90-91. 
5 . Condw:t on-farm trials of varieties released by CRSP 
during FY89-9 ' . 
Obiective 2a : Person i n charqe : ａ Ｑ ｾｸ＠ ｍｾｾｮ､｡ｷｩｲ･＠
Bean-ALS co-evolu tion 
1. A sma._ l plot will be established in or more locations in 
Malawi where une or two Mesoamerican and Andean bean types will 
be planted and Phaeoisariopsis g.riseola isolates recovered from 
these plants. These isolates will be examined as described in OS 
Objective 2a to determine if certain Phaeoisariopsis griseola 
subpopulations are selected for on these genotypes. 
2. Cross-inoculations. The inoculations of various 
Mesoamerican and Andean genotypes collected during FY 89-91 with 
the correspondi ng strains will be continued (see OS Biological 
Sciences ｏ｢ｪ･Ｌｾ ｴｩ＠ ve 2a) . 
Objective 2b: Person in charge: Alex Mkandawire 
BCMV character izat)_on 
Bean seed lot: ; wil l be collected and observations made on the 
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incidence of BCMV in bean fields of the northern, central, and 
southern regions of Malawi. 
SOCIAL SCIENCES: All research will be 
undertaken in Malawi, although sorne data will be analyzed and 
written up at the US institution. 
Objective 1: Persons in charge: R. Mkandawire, A. Ferguson 
Assist with tbe development of an expanded bean breeding and 
improvement program at Bunda College 
1. Determine the range of variation acceptable within the 
seed types that have been selected for improvement purposes by 
carrying out a survey of farmer opinions and by using 
participatory research methods (for example, group consultation 
methods). Using the same methods, determine if the farmers will 
accept novel seed types. 
2. As new varieties are tested on station, develop a system 
where.by farmers are brought to the research station to observe 
and evaluate early generation materials. This will require 
developing methods to select farmers and to record their comments 
and evaluations in a way that is useful to plant scientists. 
Efforts will be made to carry out sorne of these evaluation 
activities during farmers' field days at the college. 
3. Work with the Agricultura! Development Oistricts (ADOs) 
to select farmers to take part in bean seed multiplication and to 
develop a system of dissemination of these bean varieties. 
Objective 2: Persons in charge: R. Mkandawire, A. Ferguson 
continua researcb on farmer perceptions and management of common 
bean diseases 
1 . 1 • 2 . US : BIOLOGICAL SCIENCES: 
Obiective ]: Persons in charge: S . Temple, R. Gilbertson, P. 
Gepts 
Support for tbe expansion ot the Mc:tléiwian bean breeding program 
Assistance will be provided in the following areas (see HC 
Biological Sciences Objective 1): 
1. Germplasm collection maintenance and evaluation 
2. Artificially inoculated or infested nurseries 
3 . Crosses between preferred components and sources of 
disease and pest resistance 
Objective 2a: Person in charge: R. Gilbertson, P. Gepts 
Evaluation ot the genetic variability among isolates ot the 
angular leatspot patbogen by restriction tragment lengtb 
polymorphism and testing tbe hypothesis ot coevolution of tbe 
pathogen on Mesoamerican and Andean bean types 
It is expected Lhat in FY 90-91 suitable ONA probes will have 
been generated t.hat allow for determination of the level of 
variability among isolates of the angular leafspot pathogen, 
ｍ｡ｬ｡ｷｩＯ ｕｮｾｶ･ｲ ｾｩ ｴｶ＠ of ｾ｡ Ｑ ｩｦ｣ ｾ ｾｬ｡Ｌ＠ r avis/Gepts 
Phaeoisariopsis g .:·1.se o2 ....... CCJnt .i..nueó e ffort will be devoted to 
finding probes that contain repeated elements i n the ALS genome 
because of the potential ｦ ｯｾ＠ s uch probes to r eveal polymorphisms; 
this will be done by evaluating hybr i dizat i on of various probes 
to known quantiti es of tota l genomic DNA. DNA probes containing a 
repeated sequence from o ther f ungi wi l J also be evaluated. 
It is anticipated that in FY 90- 91 a collection of ALS isolates 
from Mesoamerican and ａ ＺﾷｾＭ ＢＭ ＢＮＺ＠ .. · · . ｾ＠ : ... ..J, .. L1e southern, 
central, and nor the rn bean growing ragi o ns o f Malawi will have 
been completed. Gur ing FY 92, RFLP analysis of these isolates 
will be conducte<l. A limited number o f ALS isolates from Central 
and South ａｭ ･ｲｩ｣ｾ＠ will be obtained f r.om Dr . M. Pastor Corrales at 
CIAT and a simj_lar R FLP ｡ｮ ｡ｬ Ｚﾷ ｾｩｳ＠ ｜ＧＧｾ＠ ｾ＠ ＭｾＭ ｾＺ ＭＺＺ＠ conducted on these 
isolates. A phrloge netic tree will bu ｧｾｮ･ ｲ｡ｴ･､＠ to group isolates 
and reveal relE.tionships among them. Similar analyses will be 
performed on hc•st plants using phaseo l in, isozymes, and RFLPs. 
Selected ALS Íf¡oJ.ates from t<1alawi that Here isolated from 
Mesoamerican and Andean genotypes will he tested for 
pathogenicity on a selected group of ｾ ･ Ｎｳ ｯ｡ｭ･ｲｩ｣｡ｮ＠ and Andean 
genotypes from Malawi and other l ocations (presumably Central and 
South America) 
We will use th<' results generated in t he above studies to 
identify sourcts of resistance t o ALS that can be used in a 
breeding progré .n in Malawi to generate improved l ines possessing 
bread spectrum ｲ･ｳｩｳｴ｡ｮｾ ･＠ t o ALS. 
Objective 2b : lerson in charge: R. Gilbertson 
Detect;ion and n olecular characteri zaticn of bea.: common mosaic 
virus potyvirus strains ｡ｳｺｯ｣ｩ＼ｊｴＮｾ､＠ ｲｾｩｴＮＺｊＮ＠ Malawian bean genotypes 
In collaboraticn with Dr . Gaylord Mink at Pross e r , WA, selected 
seed lots from ｾ｡ｬ｡ｷｩ＠ ｷｾ ｬ ｬ＠ be t e sted for the presence of 
potyviruses anc necro:; is-inducing ｳ ｴ ｲ｡ ｾ ｮｳ＠ of BCMV . This will be 
done using ｳ･ｲ｣ ｾ ｯｧｩ｣｡ｬ＠ methods developc d by Dr. Mink a nd will 
employ poly/mor.J clon3.l a nti s e r a . Thc prevalence o f BCMV in such 
seed lots will oe dete rmined as well a !; t.he predominant strains, 
particul arly t l ｾ＠ necrosis-inducing strains (NL- 3 , NL-5 , NL-8). 
The need for in ::orporating BCf1V re::sistance i nto Malawian 
landraces will 0e evaluated. 
Objective 3: Pe:son i n charge : P . Gepts 
Determine wheth ｾｲ＠ the reproducti Vt .i. t: o .I a t j.on separating 
Mesoamerican an 1 Andean genotypes i.n F .: and subsequent 
generations is 1ue at least in parL to"" <listor t ed segregation as 
suggested by pr<.!limi nary resul ts o:f ｋｯｦｾｮｩｧ＠ and Gepts (1989) and 
identify crosses that are not subject to segregation distortion. 
A set of 20 Mes 1america n and Andean cu.llivateó genotypes from 
Malawi will be c rossed and F2 segrega tion of phaseolin and 
allozyme marker > will be analyzed accorcing to Koenig and Gepts 
(1989}. These g lnotypes will include preferred component lines, 
newly released .ines, and sources o f dis2ase and pest resistance. 
Genotypes have l ready been characterized fur morphological and 
hi0rh.,...,..;,.. ,, ... ｾＭ ---- IC::innh Pt- ｲｾｬＮ＠ 1q9(;a ,md bj. Alloz ymes will be 
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those r evealing polymorphisrns between specific parents involved 
in the population, such as RBCS, SKDH, ME, MDH1, DIAP, LAP, NAG, 
and MUE. Deviations from expected segregation ratios will be 
evaluated by goodness-of- fit tests. F 1 plants of crosses 
exhibiting distorted segregations will be backcrossed 
reciprocally to both parents to determine whether segregation 
distortion is induced by male or female gametes or both. BC1F1 generations will be analyzed in ｴｨｾ＠ ｳａｭｾ＠ way as the F1 
generations. 
1.2. FY 93-97: 1.2 . 1. HC: BIOLOGICAL SCIENCBS 
Qbiective 1: Person in charge: A. Mkandawire 
Development or improved bean cultivars 
In addition to the activities described for FY 92, the following 
objectives will be pursued: 
1. Early and late generation selection and testing; on-station 
component will be carried out in part with social scientist to 
investigate participatory research techniques 
2. Multi-location testing of superior advanced lines 
3. On-farm trial in collaboration with social and extension 
scientists 
4. Seed multiplication and dissemination in collaboration with 
social and extension scientists 
Objective 2a: Person in charge: A. Mkandawire 
Bean-ALS co-evolution 
The small plot co-evolution experiments will be continued but 
depending on the results of FY 92, the experimental design may be 
modified (e.g., plot size, number of genotypes, artificial 
inoculation with mixture of strains, etc.). 
Obiective 2b: ｐｾｲｳｯｮ＠ in charge: A. Mkandawire 
BCMV characterization · 
Based on the prevalence of BCMV in Malawian bean seed lots and 
the perceived importance of BCMV in Malawi, the need for 
incorporating BCMV resistance into .Malawian landraces will be 
evaluated. Potential sources o f ｲ･ ｳｩｾｴｾｄ ｣ ･＠ will be identified 
that will be used in the breeding program in Malawi. If necrosis-
inducing str;:d.n.s are .;-:.:evalc:.t, emphasis will be placed on 
incorporation of non-specific ｲ･ｳｩｳｴ｡ｲｾｾ＠ genes (be-u) and/or 
strain-specific resistance genes (bc-1 to bc-3). 
Obiective 3: Persons in charge: A. Mkandawire 
Reproductiva isolation in Phaseolus vulgaris 
Correlation between breeding behavior and intensity of 
segregation distortion or differential developmental pattern (in 
collaboration with P. Gepts) 
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SOCIAL SCIENCIS 
Obiective 1: Persons in charge: R. Mkandawire , A. Ferguson 
Assist tbe bean breeding and improvement program at Bunda College 
The work described under 1.1.1. wi ll be continued, the emphasis 
depending on the stage of material s in the breeding program. We 
anticipate that as the program develops over the years our 
emphasis will shift more t vwu;,;...;. o ... - ... ._.._ ... ｴＮｾ ｳｴｬｮｧ＠ coordinated with 
the Adaptive Research Unit. I t wi l l also include increasingly 
seed handling, multiplication, and dissemination as well as 
project impact. 
Objective 2: Persons in charge: R. Mkandawire, A. Ferguson 
Continua tbe investigations ot tarmers• perceptions of management 
or bean diseases related to bost-pathogen coevolution researcb 
Obiective 3: Persons in charge: R. Mkandawire, A. Ferguson 
Initíate tbe study ot the relationsbip among cropping practicas, 
soil degradation, landholding size, and tenure arrangements 
1.2.2. US: BIOLOGICAL SCIENCES 
Qbjective 1: Person in charge: S. Temple, R. Gilbertson, P. Gepts 
Support tor the expansíon ot the Malawian bean breeding program 
Assistance wíll be provided in the areas mentioned for FY 92 and 
in addition for the multilocation evaluations. 
Objective 2a: Person in charge: R. Gilbertson 
Continue evaluation of the variability of Phaeoisariopsis 
griseola 
Results obtained in FY 92 will be eval uate d in light of the 
coevolution hypothes i s. RFLP analyses on pathogen and phaseolin 
and isozyme analyses will be continued as needed. Cross-
inoculations will be continued when necessary . 
- QQjective 2b: Person in ｣ｨ｡ｲｧｾ］＠ R . Gilbertson 
Molecular ｣ｨ｡ｲｾ｣ｴ･ｲｩｺ｡ｴｩｯｮ＠ ot bean ｣ｯｾｾｯｮ＠ mosaic virus potyvirus 
strains ｡ｳｳｯ｣ｩｾｴ･､＠ with Malawian bean genotypes 
The present secological test cannot distinguish among necrosis-
inducing strai:1s. Thus, we will i ni t iate attempts to characterize 
BCMV strains at the molecular level, with the goal of developing 
nucleic acid probes that can be used to differentiate necrosis-
inducing strains and that can be used to study the epidemiology 
of these strains. Initial efforts will be focused on the NL-3 
strain and full or partial cONA clones will be produced of this 
strain. These clones, or selected subclones, will be evaluated as 
potential probes and rapid squash and dot blot hybridization 
methods evaluated for application of these probes. 
167 168 
Malawi/Univers ity o f Ca l ifor n ia, Davis/Gepts Page 
Obiective 3 : Person in charge : P. Gepts 
Pursue the investi gations on repr oductive isolation within the 
common bean species 
22 
Investigations will include identification of alternative 
mechanisms of reproductive i s olation such as differential 
developmental patt erns o f gene express i on (e.g., different 
methylation patterns) and in depth studies of segregation 
distortion ( mechanism, develvf:)hltm\..a..A. ｾ＠ c.o.ge, gene tic control). The 
presence and magni t ude of segregation d istortion and differential 
developmental patterns will be correlated with the breeding 
behavior of the populations as de t ermi ned in HC. 
2. Project Logistics: 
2.1. Field sites: 2.1.1. HC: BIOLOGICAL SCIENCES 
Bunda College serves as the major site for bean research . It is 
compr.ised of a field of about six ha of land. The Bean Programme 
also operates across the country the following sites (in addition 
to Bunda, ｌｩｬｯ ｾ ｧｷ･ＩＺ＠ Misuku Hills (Chitipa), Ng'onga (Rurnphi), 
Lunyangwa ＨｍｺｵｾｵＩＬ＠ Champhira (Mzimba), Dedza Hills (Dedza), 
Matapwata (Thy•:.:>lo) 1 Kasinthula (Chikwawa) 1 and Lifuwu (Salima). 
SOCIAL SCIENCES 
All ｲ･ｳ･｡ ｾ ｣ｨ＠ will be undert aken in Malawi. Sorne data 
analysis and wr ite-up will take place at Michigan State 
University. The survey of the degree of seed coat variation 
acceptable to f armers will be carried out in the North, Central, 
and Southern Regions and will involve a small purposive sample of 
farmers. On-sta tion research involving farmers will take place at 
Bunda College. On farm, farmer- managed trials of improved 
materials will be coordinated with the Adaptive Research ｕｮｩｴｾｦ＠
the Ministry o f Agriculture. If possible 1 a location in the 
Central Region : such as Dedza Hil l s, close to Bunda College, will 
b e the site where these tes ts arP ｜ ｮｩｾ ｾ ｾｴｐ､ Ｎ＠ Research on means of 
seed disseminat i on by smallholders wil l be coordinated with Bunda 
College collabo rators and the Min i stry of Agriculture. Specific 
Agricultural De velopment Districts cannot be identified at this 
point. 
2. 1 .2 . US : BIOLOGICAL SCIENCES 
The field sites proposed for the extension are those currently in 
operation. They consist of: 
Agronomy farm: within biking distance from the central campus; i s 
routinely used for the bean breeding program and has all the 
necessary specialized equipment to c o nduct f i eld research: 
planters, harvesters, e tc, with the assistanc e of permanent 
personnel. 
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Plant Pathology farm: the Plant Pathology department has a large 
farm on close proximity to the Davis campus (within walking or 
biking distance ) . A full-t ime crew is available to assist in 
planting and other agronomic needs; all necessary equipment for 
filed work is available. 
UC Field Stations: The UC svstem operates a series of field 
stations whose locations cove.t: a uJ.·• ... 'ad r ange of ecological and 
production environments from temperé1.te to subtropical and assure 
that we can screen for almost any type of biotic and abiotic 
stress under natural or artificially manipulated field 
conditions. 
2.2. Resources: 2. 2 . 1 . HC: 
Human Resources: Biological Sciences: The Malawian national Bean 
Programme includes scientists of the Crop Production Department 
and other Departrnents of the University of Malawi. This is the 
single largest crop comrnodity team workíng on a single crop 
wi thin the ｲ･ｾ ［ ･｡ｲ｣ｨ＠ systern in Malawi. This team is aided by 
technicians o f every member on the team in the areas of breeding, 
pathology, agronomy, soils, and sociology. 
ｾｯ｣ｩ｡ｬ＠ sciences: A full-time technician for the 
social scienct:!S will be hired to carry out data entering and 
analysis and to provide other support services, such as assisting 
with the partjcipatory research strategy. In addition, Bunda 
College studer,ts will be hired as research ｡ｳｳｾｳｴ｡ｮｴｳ＠ for the 
proposed social science surveys. Part-time secretaria! support 
for report anci quest :i.onnaire preparation, duplicating, etc . will 
be needed. As noted under training, an applied sociologist or 
anthropologist is needed to work with the bean research team at 
Bunda College as there is only one sociologist at the college 
now. 
Laboratory: Ctntral buildings include a field laboratory in which 
samples are processed ｡ｦｴ･ｾ＠ ｾＭｲｾｾ ｾｾ＠ ｾｾＭｾｨ｣ｲ＠ building houses oven 
driers for dr}ing and grinding plant samples. Fertilizers, 
chemicals, anc other materials are l;ept in a separa te storage 
room. Bean gern·plasm is stored under regulated temperature. 
2. 2. 2. us 
Human Resources: Biological Sciences: The food legume improvement 
program in the Department of Agronomy and Range Science at UC-
Davis benefits from the assistance of Mr. D. Helms, Staff 
Research Associate, who is in charge of the overall day-to- day 
management of the breeding prograrn, and of Mr. J . Small, who is 
responsible fcr disease resistance testing. The prograrn also 
receives the assistance from scientists in other disciplines to 
rear nematodes, insects, and pathogens to screen for resistance . 
Dr. R. Gilbertson has a half-time technician, who will devote 
sorne of his t1me to this pro)ect. 
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Social Sciences: The proposed research depends 
on having an applied anthropologist or sociologist skilled in 
working with biological scientists as a US co-PI . A student 
helper will be necessary for the data entry and analysis carried 
out at the US institution. 
L4boratory: P. Gepts and s. Temple: equipped to run molecular 
markers (RFLPs, allozymes, seed proteins) and ELISA tests: power 
supplies, electrophoresis equipment, sap extractor, freezers (-80 
°C, -20° C), refrigerators, table-top ultracentrifuge, 
centrifuge, microcentrifuges, spectrophotometer, balances, pH 
meter, water baths, 37 °C incubator, incubator-shakers, vacuum 
oven, gel dryer, concentrator, dark room, computer (386/20; 150 
Mb HO). Oepartmental equipment includes ultracentrifuge and 
scintillation counter. 
R.L. Gilbertson: fully equipped laboratory for 
traditional and molecular studies on plant pathogenic fungi, 
bacteria, and viruses . This includes electrophoresis equipment, 
power supplies, photographic system, laminar flow hood, 
preparative centrifuge, microcentrifuges, water baths, 
incubators, speedvac system, microscopes, -20 °C freezer, 
refrigerators, spectrophotometer, and controlled temperature 
plant growth chambers, IBM-compatible microcomputer. The 
following large equiprnent items are readily accessible in the 
depártment: ultracentrifuge, scintillation counter, -70 °C 
freezer, lyophilizer, X-ray film developer, and PCR apparatus. On 
the campus main.frame, the extensive program package of the 
ｕｮｩｶ･ｾ ｳ ｩｴｹ＠ of Wisconsin Genetics Computer Group is available for 
DNA sequence analysis. 
2 . 3. Distribution of research activities: 
2.3.1. HC: Biological Sciences: 
Most activities will take place at Bunda College. Multisite 
testing and on- farm trials will take place in the northern, 
central, and s outhern bean-growing regions of Malawi. 
Social Sciencea: 
As noted a bove, the primary research site for the social 
sciences portian of the project will be located in Malawi . Data 
analysis will ｢ ｾ＠ carried out in the US and Malawi. The US and the 
HC social scient ists will collaborate in implementi ng the 
research agenda. The US social scientist will spend a mínimum of 
1 month a year i n Malawi to facilitate coll aboration. The HC 
ｲ･ｳ･｡ｲｲｾｾｲ＠ will take primary responsibility for HC Social Science 
ｵｯｊ ｾ ｾｾｩｶ･＠ ; •Jh i le the US researcher will focus principally on the 
survey research . 
. ｾＮ＠ 3 . 2 . us: Biological Sciences : 
Activities taking place at uc Davis ｩｮ｣ｬｵ､･ｾ＠ 1) Laboratory: 
Molecular diver·;ity of host and ALS pathogen; Isolation of DNA 
probes for BCMV detec t i on; 2) Greenhouse : BCMV typing of Malawi 
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lines; crossing; cross-inoculations with ALS pathogen; 3) Field: 
Observation trials on Malawi material (only after prior 
quarantine in greenhouse) 
Social Seienees: 
Sorne data analysis and write-up will take place at the US 
institution (MSU). 
3. Expected Qutcomes: 
3.1. FY 92: 3.1 . 1. HC: Biologieal Seiences: 
1) Operational artificially inoculated and infested disease and 
pest nurseries 
2) Improved management of Malawi bean germplasm collection; 
catalogue of collection with passport data and evaluation results 
3) Better knowledge of the agronomic value of CRSP released 
varieties following on-farm trials. 
Social Sciencea (includes us 
contribution) : 
1) Survey resul ts on the range of variation acceptable in seed 
types will be ｾ ｯｭｰｬ･ｴ･､Ｌ＠ the data analyzed and ready for use in 
the breeding ｰ ｾ ｯｧｲ｡ｭＮ＠
2) Preliminary descriptions of farmer bean disease perception and 
management ｰｲ｡ｾｴｩ｣･ｳ＠ will be available to biological and other 
scientists planning disease management strategies. 
3) ParticipatOJ:y research involving on- station and on-farm trials 
of new bean varieties will be under way . 
3.1.2. us : Biological Sciences: 
1) Preliminary data regarding the co-evolution hypothesis between 
bean host and ALS pathogen 
2) Data on inc j dence of BCMV in Malawi 
3) Data on inc j dence of .segregation distortion in Mesoamerican x 
Andean crosses from Malawi 
4) Journal art Jcles on BCMV incidence and segregation distortion 
3.2. FY 93-97: 3 .2.1. HC: Biological Sciences: 
1) Expanded multidisciplinary bean breeding pr ogram 
2) Improved breeding lines 
3) New bean varieties 
4) Organized on-farm research 
5) Organized bean seed multiplication and distribution scheme 
6) Breeding stra tegies to maintain divers i ty withi n bean 
cultivars. 
Social Sciencea (includes us 
contribution) : 
The principal ｡ ｾ ｭ＠ of the sociAl science research is to contribute 
to thP ｾﾡＺｯＬ Ｎ｡Ｌ＠ ｾ＠ _ ｾ＠ ·- ］ ｾ＠ ::. ＮＮＺ［ ｾｲｶｾｊｧ＠ bean iJ ... Ｍ ｾ･ｾｩｮｧ＠ and improvement 
program by ､･ｶｩ ｾ ｩ ｮｧ＠ ways for farmers to gain a voice in the 
research and evtluation process. This strategy should help insure 
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higher adoption rates of pro ject va4·ieties, technologies, and 
techniques. These participatory metho1s can also be applied to 
agricultura! research in the US . On-farm trials and surveys will 
allow us: 1) measure the adoption r ate of new releases by 
farmers; 2) examine the effect of these new releases on 
productivity of bean fields and on the welfare of small-scale 
farmer. 
Social scientists will publish scholarly articles which broadly 
consider social and economic constraints to agricultura! 
production and how these can be ｡､､ ｾ･ｳ ｳ･､＠ in Malawi. 
3 . 2 . 2. us: Biologic-al Sciences : 
1) Understanding of the reproductive isolation mechanisma 
separating Mesoamerican and Andean genotypes in Malawi and 
strategies to overcome them ; journal articles 
2) Probes to identify the various necrosis-inducing strains of 
BCMV 
3) Reliable data on the presence/abscnce of co-evolution between 
bean host and ALS pathogen based on laboratory and field data 
4) Sources of resistance to BCMV and ALS for use in breeding 
programs 
B. TRAINING PHOGRAM 
1. us stndents: Biological Sciences: A PhD level student in 
plant patholoqy will be trained at UC Davis. This person may 
perform part nf his/her thesis in Molawi. A postdoctoral fellow 
will further his/her education in genetic diversity and 
speciation mechanisms at the molecular level. 
Social Sciences: None anticipated. 
2. HC stndents: Biological Sciances: A plant breeder and an 
entomologist till be trained at UC Davi.s at the PhD level. Part 
of his/her thesis can be carried out in Malawi. A MS level 
student in bio logical science wi l l .;;¿; .... ＮＺＮＺＮＺｾＮ ｩｮ･､＠ at Bunda College. 
Social Sciences: We anticípate training one 
applied anthr(.•pologist or sociologist to the PhD level in either 
the US or Brit.ain. This person will work closely with the bean 
commodity research team at Bunda College upon his/her return, 
thus helping jnstitutionalize the participatory research 
strategy. A M:i student in social science will be trained at Bunda 
College. 
3. Other developinq country students: Nene anticipated on 
CRSP funds. A student from Colombia has been identified whoa has 
interest in ｯ ｾｴ ｡ｩｮｩｮｧ＠ a PhD on the coevolution project. It is 
anticipated t !,at this student will work in sorne capacity on 
｡ｮｧｵｬｾＮＮＬＮＮ＠ , ＬＮｾｾ＠ ... Ｍｾ＠ · L. ,..,... .... mnn ｨｾ｣ｴ･ｲｩ｡ｬ＠ h lioht. or BCMV. 
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4. Other training effortª: Tra ining in computer and data 
analysis techniques will be provided to graduate students and 
technicians at Bunda College. Al so , one HC t echnician will be 
trained in participa tory research methods and another HC 
technician in management o f the germplasm collection. Funding 
will be sought (from Rockefeller?) for the t raining of one 
technician in genetic resources a t ｕｾ ｄ＠ or CIAT. 
5. Exoected outcomes: 
5.1. FY 92: Degree training, whether for MS or PhD, requires .more 
than one year . Hence, see next paragraph. 
5 . 2. FY 93-97 : 5.2.1. HC: While ｢ ･ｾｮ＠ research is now well 
institutionalized at Bunda College, gaps in the program remain. 
During the FY ｾ ＲＭＹＷ＠ extension period, these will be addressed by 
training anothe r plant breeder, a sociologist/anthropologist and 
by providing technicians with short courses. 
5. 2.2. US, other deve l oping countries: It is 
expected that the s t udents in traini ng at UC Davis will have 
completed their. PhD training. 
c. PROJECT INTJ:GRATION (for biological and social sciences) 
1, HC: 1. 1. Wi t:hin Malawi , e l ose ti es exist between CRSP project 
researchers anc. the Maize Commodi t y Research Team, the Adaptive 
Research Unit ｩ ｾ ｮ､＠ Extens ion in t he Ministry of ,\griculture. 
1 .2. Linkages have been established with t he Rockefeller 
Foundation, Sottthern Africa Office, ｬｯ｣ｾｴ･､＠ in Lilongwe . Funding 
for bean resear ch has been obtained f r om the Rockefeller 
Foundation and we are currently s eeklng funding to support 
student trainitg at Bunda College and abroad. 
1.3. ｔｩ ｾｳ＠ are also being established with various church 
groups and ｎｇｏ ｦｾ＠ which may assist wi th bean seed d i ssentination . 
1.4. Prtject researchers, including OS Pis, will continue 
to collaborate c losel y with CRSP researchers at Sokoine 
University in ,anzania {see below ｵｮｵｾｌ＠ ｾＮｪ Ｎ＠
1.5. Pr<ject researchers, including US Pis, will work 
closely wi th tl e regional CIAT 1 SADCC progra.m headquartered in 
Arusha, Tanzanj a . 
2. Other ｾｶ •ｾＺ Ｍ Ｌｾ ﾷ ｾ ﾷＭ ｾＭｾＬＭ］ｾｾｾｾ＠
A. Hkandawire With ｔ ［ｾ ［ ｾｾｩ｡＠ (Bean/Cowpea CRSP ): Breeding for 
disease resistance; s eed multiplication , and distribution; 
collaborators : M. Silbernagel , J. Teri. 
With ·\fexico (Bean/Cowpea CRSP) : Breedi ng for drought 
tolerance; ｣ｯｬｬ ｾ ｢ｯｲ｡ｴｯｲｳＺ＠ J. Kelly, J. Acosta. 
With >ADCCjCIAT (Regional Bean Programme, Arusha, 
Tanzania); Bear • iAlA imorovemPnt in SADCC region ; collaborators: 
1 '73 
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D.J. Allen, O.T. Edje, K. Ampofo (SIDA) 
With Hebrew Un.iversity, Rehovot, Israel: Heat and 
drought tolerance in comrnon bean; collaborators: J. Kigel, S. 
Schwartz, F. Bangerth (Hohenheim). 
P. Gepts: With Mexico (Universidad Nacional Autónoma de México): 
Molecular, cultural, and ecoloqical markers of genetic diversity 
in Phaseolus coccineus; coliaoorators: rt. Bye, A. Delgado et al.; 
funding: AID (PSTC) 
With CIAT: 1) Study of the patterns of genetic 
diversity in Phaseolus vulgaris using molecular and agronomic 
traits; collaborators: S. Singh and w. Roca; funding: CIAT, AID 
(PSTC). 2) Establishment of an integrated genetic linkage map for 
Phaseolus vulgaris; collaborator: S. Singh; funding: UCD 
With IBPGR (International Board for Plant Genetic 
Resources): Molecular markers in Phaseolus vulgaris and Vigna 
unguiculata; collaborator: D. Debouck; funding: IBPGR 
R. Gilbertson: With the Dominican Republic (and the Univ. of 
Nebraska): Development and application of a plasmid DNA probe for 
detection of Xenthomonas campestris pv . phaseoli in bean seed and , 
from bacteria 1·ecovered in or on bean plants . Collaborators: G. 
Gadoy, J.R. Steadman, A.K. Vidaver et al.; funding : USAID 
Bean/Cowpea CRSP 
S.R. Temple: ｾｩｴｨ＠ CIAT: Regular exchange of information and 
germplasm. Five hundred germplasm bank and experimental lines 
evaluated in 1S86 and 1989, 40 of which have been used 
subsequently in crosses. Utilization of parents with root 
knot nematode zesistance t o incorporate resistance into 
California varieties. 
Other IARCs : Evaluation of germplasm from IITA and 
ICARDA in LISA cropping systems research and utilization as 
parents for improvement of cowpeas and chickpeas. In addition, S. 
Temple's ｰｲｯｧｲｾｭ＠ supports a Mexican national (A. Dutton) to work 
on Lygus screening beginning June .1990 . 
3. US: 
R. Gilbertson: Molecular characterization of bean common mosaic 
virus and development of DNA probes for identification of 
virulence genes in the pathogen and application of probes to 
epidemiological studies. This will ｩｮｴｾｲｦ｡｣･＠ with and continue 
work by Dr . M. Silbernagel at USDA/Washington State University 
and in Tanzania. This will involve close collaboration with Dr. 
G. Mink at Washington State Univ. (Prosser), who uses serological 
methods for detecting BCMV; collaborators: G. Mink and M. 
Silbernagel; funding: USAID Bean/Cowpea CRSP . 
D. PROJECT BUDG n' REQUEST 
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ESTIMA TED BUDGET REQUEST 
Flat Line at FY 91 Level 
Estimated l:ludget Estimated Budget Estirnated Budget Estimattd ｂｵ､ｧ ｾｴ＠ Estimaled Budget 
Request Request Request Request Request Total five- Year 
Year 1 Year 2 Year 3 Year 4 Year S Budget Re<¡uesl 
------- - - --- -- - ··- ----- ·--
us HC us HC us HC us H< us HC us HC 
l . Personnel 31 ,900 14,000 32,690 14,700 34,045 1 .S ,43.S 34,975 16,20" 35 ,745 17.017 169,355 77,3.59 
L. Equ ipment ancl o 15,000 o 15,000 o 5.000 o o o o o 35,010 
t aciliues 
3. Travel and P/ 0 20,000 19,000 20 ,000 18,000 18,750 24,000 17,000 24,000 17,000 23 ,000 92,750 108.(00 
- - -· 
4. Mater ials and 10,677 6,000 9,011 5,500 8,995 6,000 3,739 9,500 5. 773 9,000 .3.19S 36,0)() 
supplies 
S. Training cosrs 14,000 20,000 14,700 21,000 15,435 22,050 16,207 23, 153 17,()1 7 24,311 77,359 110,:> 1<( 
6. Other direct costs 1,000 500 1,000 500 1,000 1,000 1,000 1,000 2,000 1,000 6 ,000 4,0'10 
-
7. TOTAL DIRECT 77,577 74,500 77,40 1 74, 7()(\ 18.225 Ｑ ＺＧＱ Ｌ ＴＸｾ＠ 71,92! 7'\ ,! 6(\ 77,535 74,32! 31!!, .. .5(' 3"" , . . 
-· ·· \. 
COSTS 
8. lndirect costs 33,298 o 33,274 o 33,665 o 33,59-4 () 33,SI 1 o 167,3<(2 o 
9. TOTAL DIRECf 1 10,1!75 74,500 110,675 74,700 111 ,390 73,485 111,515 73,860 111,046 74,3.l8 556,001 370,873 
ANO JNDIRECT 
COSTS 
10. TOTAL 185,375 185,375 185,37S IIS,37.S 18S,37.C 926,87. 
REQUEST 
11. University 26,107 44,361 27,412 46,579 23,783 48,908 30,222 51,353 31,733 S3,921 l.W,2S7 24.5,122 
Contribution 
1 
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BEAN/ COWPEA CRSP 
ESTIMATED BUDG !":T REQUEST 
Flat Line at FY 9 1 Level (UCD and MSU subd ivision in each US column) 
Estimated Budget Estimated Budget Estimated Budget Estimated Bud o.et Estimated Budget 
Request Request Request Request ｒｾｱｵ ･ｳ ｴ＠ Total Five · Year 
Year 1 Year 2 Year 3 Year 4 Year 5 Budget Request 
·--- --·--·-- ----·-- -· 
us HC us BC us HC us h us HC' us HC 
- - --
1. Pers(JOnel 25,900 14,000 27, 190 14,700 28,5-15 15,435 29,975 1(· ｾＰ Ｗ＠ 31.745 17,0i7 143,35.5 ＷＷＬＳ Ｕ ｾ＠
6,000 5,500 5,500 5,000 4,000 o 26,000 
2. Equ1pment and o 15,000 o 15.000 o 5,000 o o o o o 35,0(0 
fac ilities 
3. Travt>l and P/ D 8,000 19,000 8,000 18,000 8,000 24,000 8,000 24,000 8.000 23.000 40,000 108,0JO 
12,000 12,000 10,750 9,000 9,000 52,750 
-
4. Marerials and 1,000 6 ,000 1,000 .5,500 1,000 6,000 1,000 9,500 1.000 9.000 5,000 36,JOO 
supplies 
9,677 8,011 7,995 7,739 4,773 33,1 9.5 
5. Train ing: UCD, HC 14,000 20,000 14,700 2 1,000 15,435 22,050 16,207 23,153 17,017 24.311 77,359 110 .514 
6. Other d irect costs 2.50 500 250 .500 250 1.000 250 1,000 500 1,000 1,500 (' !)()() 
750 750 7.50 750 1,500 4,500 
7. TOTAL D1RECT 35.150 74,.500 36,440 74,700 37,795 7 3,485 39,225 73,860 41,245 74,328 189,855 370,873 
COSTS 
42,427 40,961 40,430 38 ,696 36,290 12 1,445 
8. 1ndtrec r costs 15,818 o 16,398 o 17,008 o 17,651 o 18,560 o 85,43.5 o 
17,480 16,876 16,657 15 ,943 14,951 81,907 
9. TOTAL DIRECT 50,968 74,500 52,838 74,700 54,803 73,485 .56,876 73,860 59,80.5 74,328 275,290 370,873 
AND INDIR ECT 
COSTS 
59,907 57,837 .57 ,087 .54,639 .51,241 280,7 11 
10. 10J'AL Rt.QUEST 
----
11 . University 
Cüntribullon 
l.7F_; 
185 ,375 185,375 
o 44 ,361 o 46.579 
26, 107 27,412 o 
Malawi/University of California, Davis/Gepts 
IH5, . 15 185.315 185,374 926,874 
o 48.908 o 51.:'53 o 53,921 o 245.122 
28.783 o ＳＰＮｾＲＲ＠ o 3 !.?33 o 144,257 
Malawi/Universi t y o f California, Oavis/Gepts 
BEANi CO\''PEA C RSP 
ESTIMATED BUDGET P.F.QUEST 
FY 91 Levc l Plus 5 Pen:en t Per Year 
Estimated Budget Estimated Budget Estimated Budgct Estimated Budgct Estimated Budget 
Requcst • Request Requcst Req ues. Request Total five- Year 
Year 1 Year /. Year 3 Year •: Year 5 Budget l<.equest 
----- --
. ...._. ___  
- - --- Ｍ ｾ＠ --- ·-· - --· ---- ·-·------- -
us HC us HC us HC lJS .... us HC us HC ..... 
l . Personr.el 3 1,900 14.000 33,190 15 ,000 34,545 15.750 35,975 16, ' ' l! 38 ,245 17, 365 173,855 78,653 
-
2. ｴＮＺｱ ｵ ｩｲ ｭ ｾｮ ｴ＠ and o 15,000 o 19,000 o o o o o o o 34,000 
facil itits 
J . Travel and P/ 0 22,000 19,000 21 ,500 20,000 23,000 26,000 23,000 27,000 24,000 28;000 113.500 120,000 
4. Materials and 10,928 7,000 11,465 7,500 12,907 9,000 13,859 9,500 13,374 10,500 62,533 43,500 
supplies 
S. Trainíng c01ts 14.000 20,000 14,700 21,000 15.435 33,076 16,207 34,730 17,017 36,467 77,359 14 5,27 
3 
6. Othcr direct costs ;,,500 2,000 3,000 2,000 3,500 3,000 4,750 3,500 5,500 4 ,000 20.250 1 1,500 
7. TOTAL OIRECT 82,328 77,000 83,855 &4,500 89,387 86,826 93,791 91 ,268 98, 136 96,332 448.412 Ｔ ＺＧ ｾ ﾷＮ ＸＴＱ＠
COSTS 
8. lnd irect cosu 35,321 o 36,019 o 38,387 o 41),265 o 42, 132 o 192,1 :!4 o 
9. TOTAL DIRECT 117,649 71,000 119,874 84,500 127,774 86,826 134,056 91 ,26& 140,268 96,332 639.621 435,926 
ANO INO!RECT 
COSTS 
JO. TOTAL 194,649 204,374 214,600 225,324 236,600 1,075,547 
REQUEST 
11 . University 26,107 44,361 27,41 2 46,579 2&,783 48,908 30,222 51,353 31 ,733 53,921 144,257 245,122 
Contri bulion 
Malawi / University of California, Davis/Gepts ( .......  
BEAN/ COWI'LA CRSP 
ESTIMA TED BUDG ET REQUEH 
FY 9 1 Leve! Plus 5 Per Cent (MSU(tor) and UCD (bottom) subdivisíon in each l S column) 
Estimated Budget Estimated Budget ｅＮｾｴｩｭ｡ｴ｣､＠ Budgt"t Estimatcd Dud •et Estimated Budget 
Request Request Request Rtquest Request Total F ivc-Ycar 
Ytar 1 Year 2 Yea. 3 Ycar 4 Year 5 Budget Req !St 
--------- --- - - --------
us !-IC us HC us HC us 1 lJS HC us . IC 
-
l . ｐ ･ ｲ ｾｯ ｮ ｮ ･ ｬ＠ 25,900 14,000 27,190 1 s.ooo 28,.545 15,750 29,975 J( .'i38 31,745 17,365 143,355 78 553 
6,000 6,000 6,000 6,000 6 ,500 o 30,500 
-
2 ｅｱ ｵｩ ｰｮ •ｾＺ ｮｴ＠ and o 15,000 o 19,000 o o o o o o o ｾＩＨＩＨＩ＠
facili¡;cs 
--- -
3. Travel and P¡ D 9,000 19,000 9,000 20,000 10,000 26,0iJO 10,000 27 ,vOO 10,500 28,000 48 ,500 12( )()() 
13,000 12.500 13,000 13,000 13.500 65,000 
.. 
-
4. \o1aterials and 1.000 7,000 1,500 7,500 1,500 9,00{1 1,500 9,500 1,000 10,500 6,500 43 .íOO 
ｾ ｵ ｰｰｬｩ･ ｳ＠
9,928 9,965 . 11,407 12,359 12,374 56,033 
-
5. Trainin g: UCO, HC 14,000 20,000 14,700 21,000 15,435 33.076 16,207 34,i30 17,017 36,467 77,359 ＱＴ ｾ＠ 73 
- ·--
6. Other direct cosu 1,000 2,000 1,000 2,000 1,000 3,000 1,250 3,500 1,500 4,000 5,750 14 ,uo 
2,500 2,000 2.500 3,SOO 4,000 14,500 
-
7. TOTAL DIRECT 36,900 77.000 38,690 84,500 41,045 86,821í 42,725 91,268 4-4,745 96,332 204,105 4Jj ,926 
COSTS 
45,428 45,165 48,342 51,066 53,391 166,033 
-
8. Jndirect COSIS 16,605 o 17,411 o 18,470 o 19,226 o 20,135 o 91 ,8-47 o 
18,716 18,608 19,917 21,039 21,997 100,277 
9. TOTAL DIRECT 53,505 77,000 56,101 84,500 59;515 86,826 61,951 91,268 64,810 96,332 295,952 435,926 
ANO INDIRECT 
COSTS 
64,144 63,773 68,259 72,!05 75,388 3-43,669 
-
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10. TOTAL REQUEST 194,649 204,374 214,600 225,324 236,600 1,075,547 
!l. Untversity o 44,361 o 46,579 o 48,908 o 51.353 o 53,921 o 24S, In 
Contribution 
26,107 27 ,412 o 28,733 o 30.222 o 31,733 o 144,257 
ｾＸＰ＠
Halawi/University of California, Davís/Gept s .... _.·· 
BEAN/ COWPEA CRSP 
ESTIMATED BUDGJ01 REQUEST 
FY 91 Leve! Plus :S Perccn. Pcr Year Plus Need 
f.slimated Budget Estimated Budget Esrimated Budger Estima ted Budg t Estimated Budge! 
ｒ ｾｱ Ｚｾ･ｳｴ＠ ｒ･ｱｵ･ ｾ ｴ＠ Request Requcs: P..equest Total Five- Ye11 
Year 1 Year 2 Year 7> Year 4 Year 5 Budget Reque· 
-·-·-k-···-- ＭＭｾＭﾷ＠ ------ -·- -- -- ·------- -- ----------- ... -- ___ , ______ 
t:s i. ｜Ｎ ｾ ｓ＠ HC us uc us Jl( l iS !K' I 'S H 
---- ·-- --- ·--- --· -
1 Pe. '<.nnel liC,<;fQQ :· 000 73.090 16,800 76 ,440 Ｑ ｾＮ Ｖ ＴＰ＠ 79,965 IU:. l!)§q 19,448 383,329 88, o 
--·------- ---- - - - -
2. ｅ ﾷＬｾＬ ｊｩｰ ｭ･ ｮｴ＠ and o ｾＧＮｬＮ ｏｏ ｏ＠ o 27,000 o o o 40.00 o 3,000 o 99,( ) 
f:tcili ties 
----- ·---
:. ';"r¡¡vt'l :¡r,tl P,' [) 22 iY)O 2 .000 :!8,500 20,000 29 ,500 :-;._ooc 29,500 27,00( 30,000 31 ,000 139,500 127 JO 
-- - - -
.' M:.terials and 1: ｾ ＱｽＰ＠ 10,000 13,500 10 ,500 lUOJ : •. ooc 15,500 1 !,5011 17.000 12,000 72,500 55. )() 
ｾｵｰｰｬＱｾ ＮＭ
- - - -
r: "in in¡¡ costs 14,000 40,000 14,700 42,000 15,435 .t 1,101; 16,207 46,JO 'i 17,017 48,620 77,359 221 25 
-
Otht·r dir ecl ｣ｯｾｴｾ＠ Ｓ Ｌｾ ＰＰ＠ 5,000 3,500 s.ooo 3,500 \000 4 ,750 ｾ＠ ()Oi• 5,500 !,000 ｾＰＮＷＵＰ＠ 25 ){) 
-
·:. TOTA L I)IRECT !21.400 123,000 133,290 121,300 l39,3i5 103,74{ 145,922 148.327 153,451 119,068 694 ,353 61 t )() 
COSTS 
S lnd i;e.:t .;om 51,419 o 56,386 o 58,982 o 61,74.\ o 6.t,960 o 293.490 .. _ ..... _______ 
-----
-·. 
---
- .. 
9. TOTAL DIRECT 172,819 123 ,000 189,676 121,300 198,357 \03,740 207,665 l4d,327 218,411 119,068 986,928 615, 5 
AND I NDIRECT 
COSTS 
10. TOTAL 295,819 310,976 302,097 355,992 337,479 1,602,363 
REQUEST 
11. University 32,167 44,361 33,775 46,579 35,464 48,908 37,237 51 ,353 39,099 53,921 177,742 245,122 
C'ontribution 
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BEA N/COWPEA C'RSP 
ESTIMA TED BUDGET REQU EST 
FY 9 1 ｌ ｾｶ ･Ｑ＠ Plus S Per C'ent Plus Need (MSU(top l and UCD (bouom) subdivision in each US column) 
Esti mated Budget Estimated Budget Estimated Budget Estimated Budget Estimated Budget 
Request Request Request Request Reques t Total Five- Year 
Year 1 Year 2 Year 3 Year 4 Year 5 Budget Request 
us HC us HC us HC us HC us HC 
us HC 
l. Personnel 25.900 16,000 27.190 16.800 28,545 17,640 29.975 18.522 31. 745 19,-148 143,355 88,41 0 
44,000 45,900 47,895 49,990 52, 189 o 239,974 
2. Equipment and o 29,000 o 27,000 o o o 40,000 o 3,000 o 99,000 
fac ilities 
3. T ravel and P/ 0 9,000 23,000 9.000 20.000 10.000 26.000 10,000 27,000 10,500 31 .1)00 48.500 127 .ooo 
13,000 19,500 19,500 19.500 19,500 9 1,000 
4. Materials and 1,000 10,000 1,500 10,500 1,500 11 ,000 1,500 11 ,500 2,000 12.000 7,500 55,000 
supplies 
11,000 12,000 13.000 14.000 15,000 65.000 
S. Train ing: UCD, HC 14 ,000 40,000 14,700 42,000 : 5,435 4-1,100 16,207 46,305 17,017 48,620 77,359 22 1,025 
6. Other direct COSIS 1,000 5,000 1,000 5,000 1,000 5,000 1,250 5,000 1,500 5,000 5,750 25,000 
2,500 2,500 2,500 3,500 4,000 15.000 
7. TOTAL DIRECT 36,900 123,000 38,690 121,300 41 ,045 103,740 42.725 148.327 45 ,745 119,068 205,105 615,435 
COSTS 
84,500 94 ,600 98,330 103, 197 107,706 410,974 
8. lndirect costs 16,605 o 17,41 1 o 18,470 o 19,226 o 20,585 o 92,297 o 
34,814 38,975 40,512 42 ,517 44,375 201. 193 
9. TOTAL DJRECT 53,505 123,000 56. 10 1 12 1,300 59,515 103,740 61.951 148,327 66,330 119,068 297,402 615,435 
ANO JNDIRECT 
COSTS 
119 ,314 133. 575 138,8-1:' 145.7 14 152,081 ＶＸＹＬＵｾＶ＠
10. TOTAL REQUEST 
1 l. University 
Contribution 
295,819 
o 
32, 167 
310,976 
44,361 o 46,579 
33:175 o 
Malawi/University of California, Davis/Gepts 
302,097 H5.992 337,479 1,602,363 
o 48,908 o 51,353 o 53,921 o 245,122 
35,464 o 37,23'1 o 39,099 o 177,742 
Malawi/Universi t y o-! ｃ｡ Ｎｬｩｦ｣ ｲｾ ￼｡Ｌ＠ Davis/Gepts 
8UDGE'J' JUSTlJ'l:CATION 
Budget 3 represents what we think is necessary to be able to 
achieve the objectives of the project. In the following 
paragraphs, we review our needs in the respective areas: 
1 . ｐ･ｲｳｯｮｮｾｬＺ＠ US: UCD: 1 postdoctoral fellow to investigate the 
reproductive isolation ｭ･ ｣ｨ｣ｩ ｮ ＮｩＮ ｾ Ｆ｡ ｳ＠ Ｎｊｾｴ［ｴＺＭＭ ｯ＠ ... .ating Mesoamerican and 
Andean genotypes; this area requires with a certain level of 
research experience at the molecular level and it would be hiqhly 
unlikely to find a graduate student able to pursue this type of 
research. Cost is $ 30,000 + 26 l benefits. 
MSU: 50 \ salary + benefits of us Co-PI A. Ferguson. Because most 
of her research takes place in Malawi, a substantial part of her 
salary currently imputed to the us part of the project ahould 
actually be attributed to the HC part. 
HC! Salaries for two technicians, one for the biological sciences 
and the other for .the social sciences. 
2. Eguipment and facilities: 
US: No equipment is requested for the US component . The project 
will use existing facilities and equipment. This has not actually 
been included in the US contributi on because it is hard to put a 
monetary value on the fraction contributed to CRSP. 
HC: The list of equipment requested is detailed in Part III. B. 
To further the plant pathology pdrt of the project, a modest 
laboratory needs to be s e t up that can perform isolations and 
produce inoculum. We have added glassware to this equipment list 
because of the l arge amount of money for this initial purchase. A 
backpack sprayer is needed for the artificial inoculations of the 
evaluation and breeding nurseries. Two greenhouses will be used 
for inoculationR with vari ous pathogens: anthracnose , angular 
leafspot, BCMV. A camera i s needed to document the various 
aspects of the work and i t s ｰ ｲｯｧｲ･ ｳｾ Ｎ＠
Three .ator cycles (2 for Biological Sciences and one for 
Social Sciences ) are requested to complement the project vehicle 
(when researcher s or t echnicians need to take data in various 
experimenta). Computers and printera will supplement or replace 
the existing col\:tputer at the end of its useful l ife. We 
anticipate we will need to replace the current four-wheel-drive 
vehicle after 5 years of service because of the unfavorable road 
conditions. 
· 3. Travel and per diem: 
US: MSU: For one person, a round trip between US and Malawi cost 
approximately S 5,000 to which some $ 1,000 has to be added for 
expenses and per.- diems. We anticípate t rips of Ca-Pis s. Temple 
and R. Gilbertson each year once . To minimize costs, US PI P. 
Gepts will alter nate his t r i ps t o Malawi with HC PI A. 
11:11l 
Malawi/Universi ty of ｃ｡ ｬｩｦｯｾｮｾ｡Ｌ＠ Davis / Gepts 
Mkandawire 's trips to the US. In the third and fifth year, 
graduate students from Davi s will carry out part of their thesis 
in Malawi. 
HC: There will be extensive travelling in Malawi both for the 
Biological and the Social Sciences components. In addition, HC PI 
A. Mkandawire and Co-PI R. Mkandawire will alternate their trips 
to US. The first year ánd ,e __ ｾＺＮ＠ Á- '-··- , ｾ Ｍ ... V' ｾｴｵ ､･ｮｴｳ＠ in the 
biological sciences will take a one-way trip to the US and back 
to Malawi, respectively. The third and fifth year, a graduate 
student in the social sciences will take a one-way trip to the US 
or Britain and back to Mal awi, respectively. 
4. Training costs: 
US: One graduate research assistantship in plant pathology for 
which in-state tuition is assumed. 
HC: Two graduate research assistantships (in plant breeding, 
entomology) for which out-of-state tuition is assumed. 
5. Qther direct costs: 
These include photocopying costs, telecomrnunications (phone, 
fax), computeJ: use, greenhouse use , and publications. Mostly 
because of ｴｨｅ ｾ＠ latter, these costs are expected to go up towards 
the end of ｴｨｾ＠ grant pe riod. 
8. Indirect costs: 
UCD: 41.2% 
MSU: 45 % 
11. University contribution: 
UC Davis contributes to this project directly through a part of 
the salary and benefits of the PI and Co-Pis: 
P. Gepts 25 % $ 14,774 
R. Gilbertson 15 % 8 , 078 
S. Temple 15 % 9,315 
32,167 
For Budgets 1 and 2, percentages of 20, 15, and 10, respectively 
were used. 
Additional ｭ｣ｾ ｣＠ difficult to quantify contributions relate to 
use fo ｦ｡｣ｩｬｩｴｩｴ ｾ＠ ｾｾ､＠ equipment. 
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E. ANTICIPATED TRAVEL 
1. HC: 
Extensive travel within Malawi for HC bioloqical and social 
sciences researchers is required to complete the yearly research 
agenda. 
HC PI A. Mkandawire will travel to US once every other year (in 
alternacy with US PI P. Gepts' trip to HC) to assess progresa of 
US component and write reports and workplans with US PI and Bean 
Team at UC Davis. 
HC social scientist R. Mkandawire will present a paper on project 
research at a professional conference once a year (usually in 
Africa). He will travel to the US institution once every other 
year in alternacy with HC PI A. Mkandawire. 
HC students will travel to US to initiate their studies (Plant 
Breeding and Entomology students: 1992; Social Sciences student: 
1994)¡ at completion of their studies they will return to HC. 
Plant Breeding and Entomology students may carry out part of 
their thesis in Malawi (from FY 94 on) 
2. US: 
US PI P. Gepts will travel to Malawi once every other year (in 
alternacy with HC PI A. Mkandawire) to assess ｾｶ･ｲ｡ｬｬ＠ progress of 
HC component and to write reports and workplans with HC PI and 
Bean Team. 
US Co-PI R. Gilbertson will travel each year to Malawi to: 1) 
participate in co-evolution studies; 2) assist in the disease 
resistance screening in breeding nurseries (principally, angular 
leafspot and anthracnose); and 3) monitor BCMV incidence and 
resistance breeding. 
US Co-PI S. Temple will travel to Malawi each year to assist the 
HC bean breeding program. 
US social scientist A. Ferguson will travel to Malawi once a year 
and spend at least one month there working with her 
collaborators . She will also present a paper on project research 
ata professional conference once ayear (usually in the US). 
OS student in Plant Pathology may be traveling to HC to complete 
part of his/her their thesis (from 94 on). 
Project ｲ･ｳ･｡ｾｾｨ･ｲｳ＠ from Bunda College and from the US 
institutions will periodically attend regional CRSP, CIAT/SADCC, 
and other meetings. 
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B. EQUIPMENT REQUESTS 1. US: No equipment requested 
2. HC: Year 1 Year 2 
Biological Sciences 
2.1. Eguipment for a plant patholoqy lab0ratory: 
Miniautoclave US $ 4,500 
Transfer hood (bench top) 2,200 
Compound light microscope 
(+ accessories) 
Dissecting microscope 
We ighing ba lance 
pH meter 
Refrigera ter 
Incubator 
Drying oven 
Hot plate sti; r ers (2 @ 300) 
waring blende¡ 
Pipetman (2 @ 300) 
3,000 
1,000 
1,350 
700 
600 
1,750 
1,200 
600 
500 
600 
Total for plar t pathology lab equipment 18,000 
2 . 2. Glasswar< : for plant pathology lab 7,000 
2.3. Backpack sprayer 1,000 
2.4. Greenhouses: 2 units@ 5,600 
+ blinds + freight 13,000 
2.5. Camera: + accessories 500 
2.6. Motorcycles: 2 @ 3,500 7,000 
2 . 7. Laptop computer 2,000 
2.8. Printer 1,000 
2.9. Four-wheel-drive car (shared 
Year 4 
with Social Sciences; 50 %) 20,000 
Year 5 
2.10. Computer: 286, 60Mb HD 2,000 
"1 11 'Dr;nt-P.r 1, 000 
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